Abstract 2α-Cinnamoyloxy-6β-acetoxybornane (1) has been isolated from the liverwort Conocephalum conicum (Conocephalaceae), while Plagiochila barteri and P. terebrans (Plagiochilaceae) furnished ent-spathulenol, marchantins C and H, 1(10),14-halimadien-13ξ-ol, and trifarienol B. Although the bisbibenzyl-type isoplagiochins have been reported to occur in some Plagiochila species, the presence of marchantins in the genus is very rare. Furthermore, the halimane diterpene usually found in Jungermannia species was isolated from Plagiochila sp. for the first time, and the relationship between the two genera Jungermannia and Plagiochila belonging to the Jungermanniales order (suborder: Jungermaniineae) is confirmed. All of the isolated compounds were tested for α-glucosidase inhibitory activity but only marchantin C showed moderate activity.
Introduction
Mosses, liverworts, and hornworts are the three groups of bryophytes, which represent a grade or structural level in plant evolution. Their classification is often difficult morphologically since they have very small gametophytes. However, the lipophilic terpenoids and aromatic metabolites in their oil bodies can be a value in taxonomic investigation. The liverworts group (about 6.000 species recognized) is well-adapted to moist habitat. Their phytochemical studies have shown that they contain a wide variety of structurally interesting compounds, which are antibacterial, antifungal, anticancer, and diuretic. 1 In the continuation of our ongoing study aiming to find
Results and Discussion
A combination of Sephadex and silica gel column chromatography of Conocephalum conicum ether extract led to the isolation of a new compound (1) (Table 1) . In order to establish the full structure of 1, HSQC, COSY, HMBC, and NOESY experiments were carried out.
Interpretation of the COSY spectral data allowed the allocation of the two oxygen-bearing to be at C-2 and C-6, which was substantiated by the partial structure -OCH-CH 2 -CH-CH 2 -CHO-. The attachment of the acetoxyl group to be at C-6 and the cinnamoyl group at C-2 was confirmed by careful analysis of the HMBC spectrum, which showed a cross peak from H-2 to the cinnamoyl carbonyl and from H-6 to the acetyl carbonyl. Moreover, the presence of the long-range coupling (1.9 Hz) of H-2 to H-4 and the NOE cross-peaks between H-2 and the C-8 and C-10 methyl protons ( Figure 1 ) supported the pseudo equatorial orientation in the boat ring of the proton H-2. To ascertain the orientation of H-6, we have taken one of the C-5 protons (H-5a, δ 2.56, dd, J= 13.9, 8.2 Hz), which did not show any coupling with H-4 due to the dihedral angle between the two protons, as reference. The pseudo axial orientation of H-6 was thus deduced by presence of the NOE correlation between H-5a and H-6 as shown ( Figure 1 ). The absolute configuration could not be determined due to the small amount of sample available. From the above data, the structure of 1 was deduced to be 2α-cinnamoyloxy-6β-acetoxybornane. Each ether extract of P. barteri and P. terebrans was repeatedly chromatographed on sephadex LH-20 and silica-gel to give spathulenol (2), 1 marchantin C (3) and marchantin H (4), 2 together with a halimane diterpene: 1(10),14-halimadien-13ξ-ol (5) from P. barteri and trifarienol B (6) 3 from P. terebrans.
The structure of compound 5 was tentatively determined to be the same as 1(10),14-halimadien-13ξ-ol by comparison of its 1 H-and 13 C-NMR spectral with those of (7), previously isolated from Jungermannia infusca. 4 The orientation of the C-8 and C-9 methyl groups was determined as depicted by interpretation of the NOESY spectral data ( Figure 2 o , respectively), suggesting that they are enantiomers. However, the big difference in optical rotation could be also interpreted as due to the configuration difference of C-13. Attempt was made to determine the stereochemistry but the amount of the sample as well as the quaternary nature of the C-13 hydroxyl, could not allow us to make derivative products suitable for stereochemical determination. The structure of compounds 2− 4 and 6, were established by comparison of their physical and spectroscopical data with the reported data in the literature. [1] [2] [3] The genus Plagiochila (family Plagiochilaceae, suborder Jungermanniineae, order Jungermanniales) is one of the largest neotropical and tropical liverworts genera. Although the presence of bibenzyls and bisbibenzyls as isoplagiochins has been reported, marchantins C and H have been only isolated from Plagiochila sciophila (=P. acanthopylla subsp. japonica). 6 The
Malagasy P. barteri is thus the second species of Plagiochila, which has been known to contain marchantin type bisbibenzyls. The genera Jungermannia (Jungermannioideae) and Plagiochila (Plagiochilaceae) belong to the suborder Jungermaniineae. Although, halimane diterpenes are known to be present in the Jungermannia species, 4 their occurrence in Plagiochila species is very rare. One of the important points of the present results is that liverwort chemical constituents can prove the relationship between the two species belonging to the same suborder. The unique sesquiterpene trifarienol B was only isolated from the Malaysian liverwort belonging to the family Lejeuneaceae (Subfamily Lejeuneoidieae), Cheilolejeunia trifaria. Plagiochila terebrans is the second liverwort containing compound 6. Its biosynthesis in Plagiochila species can be the same as reported by Tazaki and co-workers, 7 since the genus is known to contain pinguisane sesquiterpenes. 
Alpha-glucosidase inhibitory activity
Apart from the reported biological activities, 1 there is increasing evidence that liverworts secondary metabolites may cause other beneficial effects. Diabetes mellitus is one of the most common chronic diseases and a major contributor to the development of cardiovascular diseases.
It is due to a deficiency or a failure of normal action of insulin, which is responsible of the use of the sugar from the diet. The number of cases of non-insulin dependent diabetes mellitus has increased dramatically due to the changes in lifestyle, increasing prevalence of obesity, and aging of populations. 8 Inhibition of α-glucosidase, which catalyzes the final step in the digestive process of carbohydrates can give contribution to the worldwide battle against the growing increase of non-insulin dependent diabetes mellitus patients. The uses of plants and herbal remedies are very common in Asia, where traditional Chinese medicine demonstrates a good practice and shows a bright future in the therapy of diabetes and its complications. 9 Therefore, the inhibitory activity toward α-glucosidase by compounds 1, 3− 6, and trifarienol A (8), previously isolated from the Malaysian Cheilolejeunia trifaria was evaluated, 3 and only marchantin C (3) showed 52.2% inhibition of the enzyme activity at 1 mM. It is interesting to note that the insolubility of marchantin H in the medium could effect on the activity. Although, the present activity is lower than that of the 1-deoxynojirimycin (100% at 0.4 mM), used as reference, the present results can give a hope for the research on finding new important molecular chromophores for inhibition of α-glucosidase activity. As far as we are aware, this is the first report on the α-glucosidase inhibitory activity of marchantins. 
